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SUBJECT: S i z i n g  o f  a High  Per formance  
Cryogenic  S t a g e  for Manned 
F lyby  M i s s i o n s  - Case 2 3 3  

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

DATE: J u l y  6 ,  1967 

FROM: H .  S. London 

P r e v i o u s  Bellcomm s t u d i e s  o f  a h igh-per formance  c r y o g e n i c  
s t a g e  f o r  manned p l a n e t a r y  f l y b y  m i s s i o n s  {Eerei7eiic?s 1 2 )  
have c o n c e n t r a t e d  on a H2/02 s t a g e  o f  r o u g h l y  1 1 0 , 0 0 0  l b s .  g r o s s  
w e i g h t ,  w i t h  r endezvous  a n d , a s s e m b l y  o p e r a t i o n s  t a k i n g  p l a c e  i n  a 
two-day p e r i o d  p a r k i n g  o r b i t .  The bas i s  o f  t h i s  s e l e c t i o n  was 
t h a t  a s t a g e  o f  t h i s  s i z e  c o u l d  be p l a c e d  i n t o  t h e  two-day o r b i t  
by a s i n g l e  t h r e e - s t a g e  S a t u r n  V l a u n c h  v e h i c l e ,  from where i t  
c o u l d  t h e n  i n j e c t  a 1 8 0 , 0 0 0  l b .  s p a c e c r a f t  o n t o  a Mars t w i l i g h t  
f l y b y  t r a j e c t o r y .  The s p a c e c r a f t  would be  p l a c e d  i n t o  t h e  
r endezvous  o r b i t  i n  two p i e c e s ,  making a t o t a l  o f  t h r e e  l a u n c h e s .  

The same c o u l d  be accompl i shed  ( i . e . ,  i n j e c t i o n  o f  a 
1 8 0 , 0 0 0  s p a c e c r a f t  o n t o  t h e  Mars f l y b y ,  w i t h  a t o t a l  o f  t h r e e  
l a u n c h e s )  u s i n g  a much l a r g e r  s t a g e  ( -  2 4 0 , 0 0 0  l b s .  g r o s s  w e i g h t )  
and c i r c u l a r  o r b i t  r endezvous .  I n  t h i s  c a s e  two p r o p u l s i o n  
modules would b e  r e q u i r e d  and t h e  s p a c e c r a f t  would b e  l aunched  
i n t o  o r b i t  i n  a s i n g l e  u n i t .  However, t h e  smaller s t a g e  s i z e  
was p r e f e r r e d  s i n c e  i t  would be b e t t e r  s u i t e d  f o r  o t h e r  a p p l i -  
c a t i o n s  such  as a l u n a r  l o g i s t i c s  l a n d i n g  s t a g e  or as a S a t u r n  
V f o u r t h  s t a g e  f o r  unmanned m i s s i o n s .  The smaller s t a g e  would 
a l s o  presumably be c h e a p e r  t o  d e v e l o p .  

N e i t h e r  o f  t h e s e  o p t i o n s ,  however,  makes f u l l  u s e  o f  
t h e  l a u n c h  v e h i c l e  per formance  c a p a b i l i t y .  Using t h e  two-day 
p e r i o d  a s s e m b l y  o r b i t  and t h e  1 1 0 , 0 0 0  l b .  i n j e c t i o n  s t a g e ,  t h e  
1 8 0 , 0 0 0  lb. s p a c e c r a f t  i s  put  i n t o  o r b i t  i n  two p i e c e s ,  e . g . ,  
one  o f  1 1 0 , 0 0 0  l b s .  ( a p p r o x i m a t e l y  t h e  maximum c a p a c i t y  o f  t h e  
3 - s t a g e  S a t u r n  V t o  t h i s  o r b i t ) ,  and t h e  o t h e r  o f  70,000 l b s .  
The l a t t e r  l e a v e s  p a r t  o f  t h e  pe r fo rmance  c a p a c i t y  o f  t h e  l a u n c h  
v e h i c l e  unused .  The second o p t i o n ,  o f  u s i n g  a l a r g e r  s t a g e  
and c i r c u l a r  o r b i t  r endezvous ,  as s p e c i f i e d  above d o e s  n o t  
u t i l i z e  t h e  f u l l  c a p a c i t y  of  any of  t h e  l a u n c h  v e h i c l e s .  

B e t t e r  o v e r a l l  u t i l i z a t i o n  of  t h e  l a u n c h  v e h i c l e s ,  
which i s  t o  s a y  maximum i n j e c t i o n  v e l o c i t y  for a g i v e n  pay load  
or v i c e - v e r s a ,  can  
m i s s i o n s ) :  

be  o b t a i n e d  b y  ( c o n s i d e r i n g  t h r e e - l a u n c h  
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1. Al lowing  a l a r g e r  p r o p u l s i o n  s t a g e ,  and r e v e r t i n g  t o  two 
p r o p u l s i o n - s t a g e  l a u n c h e s  and  one s p a c e c r a f t  l a u n c h ,  w i t h  
t h e  s p a c e c r a f t  p l a c e d  i n  t h e  maximum e c c e n t r i c i t y  o r b i t  
o f  which t h e  l a u n c h  v e h i c l e  i s  c a p a b l e ,  and /o r  

2 .  Al lowing  b o t h  t h e  s p a c e c r a f t  and t h e  o u t - o f - o r b i t  
p r o p u l s i o n  t o  be d i v i d e d  i n t o  two p i e c e s .  That i s ,  
one  l a u n c h  v e h i c l e  ca r r i e s  a p r o p u l s i o n  module,  one  
c a r r i e s  t h e  l a r g e r  p i e c e  o f  t h e  s p a c e c r a f t ,  and  t h e  
t h i r d  c a r r i e s  b o t h  a p r o p u l s i o n  module and  t h e  smaller 
p i e c e  o f  t h e  s p a c e c r a f t .  On t h i s  las t  l a u n c h  t h e  
p r o p u l s i o n  module u s e s  p a r t  o f  i t s  p r o p e l l a n t  t o  
transfer i t s e l f  p lus  t h e  smaller  p i e c e  s p a c e c r a f t  f rom 
a lower  i n t e r m e d i a t e  o r b i t  t o  t h e  f i n a l  r endezvous  
and assembly  o r b i t .  T h i s  mode i s  a p p l i c a b l e  whenever 
t h e  t o t a l  s p a c e c r a f t  w e i g h t  exceeds  t h e  p r o p u l s i o n  
module w e i g h t .  

ANALYSIS AND RESULTS 

The l a u n c h  v e h i c l e  pe r fo rmance  was based on t h e  c u r r e n t l y  
q u o t e d  c a p a b i l i t y  f o r  SA-516. The two-s t age  v e r s i o n  has a c a p a c i t y  
o f  a b o u t  274,000 l b s .  t o  a 1 0 0  n a u t i c a l  m i l e  c i r c u l a r  o r b i t ;  t h i s  
w e i g h t  i n c l u d e s  e v e r y t h i n g  above t h e  S- I1  s t age .  Thus t h e  pay load  
adap te r  (or a f t  i n t e r s t a g e  i f  t h e  "pay load"  i s  a p r o p u l s i o n  s t a g e )  
and I U  must be  s u b t r a c t e d  o u t  t o  g e t  a c t u a l  p a y l o a d .  To b e  
c o n s e r v a t i v e ,  t h i s  was assumed t o  t o t a l  1 2 , 0 0 0  l b s .  i n  a l l  c a s e s  
( a p p r o x i m a t e l y  t h e  we igh t  o f  t h e  S-IVB a f t  i n t e r s t a g e  p l u s  t h e  
c u r r e n t  I U )  s o  t h a t  n e t  payload  t o  a 1 0 0  n a u t i c a l  m i l e  o r b i t  i s  
262,000 l b s .  The AV a v a i l a b l e ,  above  t h a t  r e q u i r e d  f o r  a 1 0 0  
n a u t i c a l  m i l e  c i r c u l a r  o r b i t ,  f o r  smaller  p a y l o a d s  was c a l c u l a t e d  
from t h e  i d e a l  AV e q u a t i o n  assuming no change  i n  g r a v i t y  l o s s e s .  
The  t h r e e - s t a g e  v e r s i o n  was assumed t o  have a c a p a b i l i t y  of 
1 0 0 , 0 0 0  l b s .  t o  t r a n s - l u n a r  i n j e c t i o n  and 2 6 4 , 0 0 0  l b s .  i n  a 
1 0 0  n a u t i c a l  m i l e  o r b i t ;  t h e s e  p a y l o a d s  are  e v e r y t h i n g  above t h e  
I U .  The comple t e  pay load  v e l o c i t y  c u r v e s  a re  shown i n  F i g u r e  1. 

The  p a y l o a d  which can  b e  i n j e c t e d  from t h e  r endezvous  
o r b i t  was c a l c u l a t e d  as a f u n c t i o n  o f  t h e  i n j e c t e d  v e l o c i t y  o f  
t h e  p a y l o a d ,  e x p r e s s e d  as t o t a l  AV above  a 1 0 0  n a u t i c a l  m i l e  
c i r c u l a r  o r b i t .  I n  a l l  c a s e s ,  t h e  i n j e c t i o n  p r o p u l s i o n  modules 
were assumed t o  have a s p e c i f i c  i m p u l s e  o f  460 s e e .  and mass 
f r a c t i o n  of 0.9. R e s u l t s  a r e  p r e s e n t e d  o n l y  f o r  t h e  c a s e  o f  
t h r e e - l a u n c h  m i s s i o n s .  

MODE 1 

The f i r s t  mode c o n s i d e r e d  s imply  u s e s  two p r o p u l s i o n  
modules ,  e a c h  p u t  i n t o  o r b i t  w i t h  a s i n g l e  l a u n c h ,  and one  s p a c e c r a f t  
l a u n c h .  T h e  s p a c e c r a f t  i s  p l a c e d  i n t o  t h e  most e c c e n t r i c  o r b i t  
( w i t h  p e r i a p s e  a l t i t u d e  s p e c i f i e d  as 1 0 0  n a u t i c a l  mi les )  which i s  
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p o s s i b l e  f o r  that  we igh t  w i t h  t h e  S a t u r n  V l a u n c h  v e h i c l e .  If 
t h e  p r o p u l s i o n  module we igh t  i s  g rea te r  t h a n  t h e  s p a c e c r a f t  
w e i g h t ,  t h e  p r o p u l s i o n  modules a r e  a l s o  p l a c e d  i n t o  t h e  most  
e c c e n t r i c  p o s s i b l e  o r b i t s  ( l ower  t h a n  t h e  s p a c e c r a f t  o r b i t ) .  
A f i r s t  b u r n  i s  t h e n  used  t o  t r a n s f e r  e a c h  p r o p u l s i o n  module 
up t o  t h e  s p a c e c r a f t ' s  o r b i t  where r endezvous  and a s sembly  take  
p l a c e .  I f  on t h e  o t h e r  hand t h e  s p a c e c r a f t  i s  h e a v i e r  t h a n  
t h e  p r o p u l s i o n  module,  t h e n  t h e  p r o p u l s i o n  modules a re  b r o u g h t  
up t o  t h e  s p a c e c r a f t ' s  o r b i t  by  t h e  l a u n c h  v e h i c l e  d i r e c t l y .  
I n  e i t h e r  c a s e ,  t h e  p r o p u l s i o n  modules  a r e  assumed t o  b e  docked 
w i t h  t h e  s p a c e c r a f t  and i g n i t e d  i n  s e r i e s  t o  p r o v i d e  t h e  e a r t h  
d e p a r t u r e  i n j e c t i o n  AV. 

The i n j e c t i o n  v e l o c i t y  was c a l c u l a t e d  as a f u n c t i o n  o f  
p a y l o a d  w e i g h t ,  f o r  e i t h e r  two-s tage  or three-s tage l a u n c h  v e h i c l e s .  
I n  b o t h  c a s e s ,  t h e  v a r i a t i o n  of i n j e c t i o n  v e l o c i t y  w i t h  p r o p u l s i o n  
module g r o s s  we igh t  was a l s o  de t e rmined  f o r  v a r i o u s  s p a c e c r a f t  
we igh t s .  The f o l l o w i n g  r e s u l t s  were o b t a i n e d :  

a .  Three-stage l a u n c h  v e h i c l e s  - The optimum p r o p u l s i o n  
module we igh t  i s  always e q u a l  t o  o r  g rea te r  t h a n  t h e  
s p a c e c r a f t  w e i g h t .  However f o r  a f i x e d  s p a c e c r a f t  
we igh t  t h e  c u r v e s  of i n j e c t e d  v e l o c i t y  v s .  p r o p u l s i o n  
module we igh t  are q u i t e  f l a t  as shown i n  F i g u r e  2 ,  s o  
t h a t  i t  i s  p o s s i b l e  t o  p i c k  a p r o p u l s i o n  module we igh t  
which g i v e s  near-maximum per formance  o v e r  a r a n g e  o f  
s p a c e c r a f t  w e i g h t s .  A good v a l u e  appears t o  be a b o u t  
2 0 0 , 0 0 0  l b s . ,  s i n c e  t h i s  g i v e s  n e a r  optimum pe r fo rmance  
f o r  s p a c e c r a f t  w e i g h t s  o f  2 0 0 , 0 0 0  l b s .  o r  l e s s ,  
a l t h o u g h  i t  f a l l s  o f f  s h a r p l y  f o r  s p a c e c r a f t  weights  
g rea t e r  t h a n  2 0 0 , 0 0 0  l b s .  T h i s  sha rp  f a l l o f f  i n  
per formance  f o r  a f i x e d  p r o p u l s i o n  module weight  
a l w a y s  o c c u r s  when t h e  s p a c e c r a f t  weight  exceeds  
p r o p u l s i o n  module w e i g h t ,  r e g a r d l e s s  o f  what t h e  
p r o p u l s i o n  module weight  i s .  The  r e a s o n  f o r  t h i s  i s  
t h a t  a l t h o u g h  t h e  l aunch  v e h i c l e  pe r fo rmance  would 
a l l o w  p l a c i n g  t h e  p r o p u l s i o n  module i n  a h i g h e r  
o r b i t  t h a n  t h e  s p a c e c r a f t ,  i t  would n o t  b e  p o s s i b l e  
t o  r endezvous  w i t h o u t  f i r s t  a p p l y i n g  a r e t r o  AV t o  
t h e  p r o p u l s i o n  module, which would b e  w a s t e f u l ;  
t h e r e f o r e ,  t h e  p r o p u l s i o n  module i s  p l a c e d  d i r e c t l y  
i n t o  t h e  same o r b i t  as t h e  s p a c e c r a f t ,  and  t h e r e f o r e ,  
t h e  l a u n c h  v e h i c l e  pe r fo rmance  i s  n o t  f u l l y  u t i l i z e d .  

T h i s  e f f e c t  i s  i l l u s t r a t e d  i n  F i g u r e  3 b y  c u r v e s  
A and B which are  f o r  2 0 0 , 0 0 0  l b s .  and 1 8 0 , 0 0 0  l b s .  
s tages  r e s p e c t i v e l y .  F o r  p a y l o a d s  less  t h a n  1 8 0 , 0 0 0  
l b .  t h e  two c u r v e s  a re  e s s e n t i a l l y  i d e n t i c a l ;  c u r v e  
B s l o p e s  o f f  r a p i d l y  f o r  p a y l o a d s  g rea te r  t h a n  1 8 0 , 0 0 0  
l b s .  and c u r v e  A f o r  greater  t h a n  200 ,000  l b s .  
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Thus someth ing  l i k e  2 0 0 , 0 0 0  l b s .  a p p e a r s  a r e a s o n a b l e  
c h o i c e  f o r  stage s i z e  i n  t h i s  o p e r a t i o n a l  mode s i n c e  i t  
a l l o w s  near-optimum pe r fo rmance  f o r  s p a c e c r a f t  w e i g h t s  
up t o  2 0 0 , 0 0 0  lbs. 
o n l y  i f  t h e  s p a c e c r a f t  we igh t  i s  greater  t h a n  200,000 
l b s .  

Two-Stage Launch V e h i c l e s  - The l a u n c h  v e h i c l e  m o d i f i c a t i o n s  
r e q u i r e d  t o  p e r m i t  c a r r y i n g  s t a g e s  o r  s p a c e c r a f t  g r e a t e r  
t h a n  a b o u t  1 3 5 , 0 0 0  l b s .  on t o p  of a n  S-IVB have n o t  y e t  
been  s t u d i e d .  T h e r e f o r e ,  t h e  i n j e c t i o n  pe r fo rmance  unde r  
t h e  c o n s t r a i n t  of two-s tage  l a u n c h  v e h i c l e s  h a s  a l s o  
U C C l l  s l l v L U v A ~ u r r - .  

L a r g e r  s tages  g i v e  b e t t e r  per formance  

b .  

l----- 4 ~ ~ ~ a m t ~ m ~ + n d  

I n  t h i s  c a s e ,  i t  a p p e a r s  t h a t  pe r fo rmance  i s  
o p t i m i z e d  w i t h  a s t a g e  o f  S-IVB s i z e  or somewhat g r e a t e r  
and u s i n g  s u b o r b i t a l  s t a r t .  However, o n l y  a v e r y  small 
n e t  pe r fo rmance  p e n a l t y  i s  i n d i c a t e d  i f  t h e  s t a g e  s i z e  
i s  s e l e c t e d  as t h e  100  n a u t i c a l  m i l e  c i r c u l a r  o r b i t  
c a p a b i l i t y  o f  t h e  two-s tage  S a t u r n  V (262 ,000  l b s . ) ;  
f u r t h e r m o r e ,  t h e s e  c a l c u l a t i o n s  d i d  n o t  a c c o u n t  f o r  
i n c r e a s e d  S a t u r n  V g r a v i t y  l o s s e s  as t h e  stage we igh t  
i n c r e a s e s ,  which would d e c r e a s e  s l i g h t l y  t h e  a c t u a l  
optimum s t a g e  s i z e .  P l a c i n g  t h e  i n j e c t i o n  p r o p u l s i o n  
module i n t o  a c i r c u l a r  o r b i t  i n i t i a l l y  r a t h e r  t h a n  
u s i n g  a s u b o r b i t a l  s t a r t  a l s o  s i m p l i f i e s  o p e r a t i o n s  
somewhat s i n c e  one  l e s s  e n g i n e  s t a r t  o f  t h e  module i s  
r e q u i r e d .  The i n j e c t e d  pay load  c a p a b i l i t y  v s .  i n j e c t i o n  
v e l o c i t y ,  u s i n g  262,000 l b .  s t a g e s  p l u s  two-s tage  
S a t u r n  V I S ,  i s  shown as  c u r v e  C i n  F i g u r e  3 .  I n  t h i s  
c a s e ,  t h e  s tages  are f i r s t  p u t  i n t o  a low c i r c u l a r  
o r b i t  and t h e n  b u r n  up t o  t h e  e l l i p t i c  r endezvous  
o r b i t  where t h e y  are j o i n e d  w i t h  t h e  s p a c e c r a f t .  

S i n c e  i n  t h i s  c a s e  near-optimum per formance  i s  
o b t a i n e d  w i t h  t h e  s p a c e c r a f t  p l a c e d  i n  e l l i p t i c  o r b i t  
b u t  t h e  p r o p u l s i o n  modules i n i t i a l l y  i n  a c i r c u l a r  
o r b i t ,  t h e  p e n a l t y  f o r  c a r r y i n g  o u t  t h e  r endezvous  
and a s s e m b l y  o p e r a t i o n s  i n  t h e  low c i r c u l a r  o r b i t  
a l t o g e t h e r  was a s s e s s e d .  T h i s  i s  shown by c u r v e  D 
i n  F i g u r e  3. For l a r g e  p a y l o a d s ,  t h e  p e n a l t y  i s  
q u i t e  small ,  b u t  i n c r e a s e s  somewhat w i t h  d e c r e a s i n g  
pay load  (or i n c r e a s i n g  i n j e c t i o n  v e l o c i t y ) ,  e . g . ,  
a pay load  d i f f e r e n c e  o f  a b o u t  1 1 , 0 0 0  l b s .  a t  t h e  
v e l o c i t y  f o r  a t r i p l e - p l a n e t  f l y b y  m i s s i o n .  

Two i m p o r t a n t  c o n c l u s i o n s  c a n  b e  drawn from t h e  
c u r v e s  of F i g u r e  3:  F i r s t ,  t h a t  i n  t h e  r a n g e  o f  
v e l o c i t i e s  i n c l u d i n g  Mars t w i l i g h t  f l y b y s  and t h e  
m u l t i - p l a n e t  m i s s i o n s  o f  i n t e r e s t  ( -  1 5 , 0 0 0  - 
1 7 , 0 0 0  f p s ) ,  t h e  two-s tage  l a u n c h  v e h i c l e s  w i t h  S-IVB 
s i z e  o u t - o f - o r b i t  i n j e c t i o n  s t a g e s  p r o v i d e  e s s e n t i a l l y  
t h e  same per formance  as t h r e e - s t a g e  l a u n c h  v e h i c l e s  
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p l u s  a somewhat smaller i n j e c t i o n  s t a g e .  F u r t h e r m o r e ,  
if t h e  two-s tage  l aunch  v e h i c l e  c o n f i g u r a t i o n  w i t h  t h e  
la rge  new c r y o g e n i c  i n j e c t i o n  s t a g e  i s  s e l e c t e d ,  t h e n  
t h e  p e n a l t y  f o r  d r o p p i n g  back  t o  t h e  c i r c u l a r  o r b i t  
r endezvous  mode i s  r e l a t i v e l y  small, 1 0 , 0 0 0  l b s .  o r  
less  i n  p a y l o a d .  Secondly ,  any  o f  t hese  o p t i o n s  i n  
Mode 1 p r o v i d e s  a l a r g e  p a y l o a d  inc rease - -be tween  
4 0 , 0 0 0  and 7 0 , 0 0 0  1bs.--as compared w i t h  t h e  b a s e l i n e  
mode ( o n e  1 1 0 , 0 0 0  lb. i n j e c t i o n  s tage,  s p a c e c r a f t  
l aunched  i n  two p i e c e s )  which i s  i n d i c a t e d  by t h e  
d o t t e d  c u r v e  i n  F i g u r e  3. 

The r e a s o n  t h a t  t h e  b a s e l i n e  mode i s  r e l a t i v e l y  i n e f f i c i e n t  
i s  t h a t  one o f  t h e  l a u n c h e s  o n l y  c a r r i e s  a p a r t i a l  load- - the  smaller 
p i e c e  o f  t h e  s p a c e c r a f t .  
p i e c e  o u t - o f - o r b i t  p r o p u l s i o n  s y s t e m  as w e l l  as a two-piece 
s p a c e c r a f t ,  s u c h  t h a t  t h e  f u l l  c a p a c i t y  o f  a l l  t h ree  l a u n c h  v e h i c l e s  
i s  u t i l i z e d .  One way o f  do ing  t h i s  would b e  t o  c a r r y  a small 
p r o p u l s i o n  stage on t h e  same l a u n c h  as t h e  smaller p a r t  o f  t h e  
s p a c e c r a f t ,  e . g . ,  f o r  a g r o s s  s p a c e c r a f t  weight  o f  1 8 0 , 0 0 0  l b s . ,  
one l a u n c h  v e h i c l e  would c a r r y  a 1 1 0 , 0 0 0  l b .  p r o p u l s i o n  module,  
one would c a r r y  a 110 ,000  l b .  p i e c e  o f  t h e  s p a c e c r a f t ,  and t h e  
t h i r d  would c a r r y  a 7 0 , 0 0 0  l b .  s p a c e c r a f t  package  p l u s  a 4 0 , 0 0 0  
l b .  p r o p u l s i o n  module.  However, d e v e l o p i n g  two d i f f e r e n t  
p r o p u l s i o n  modules f o r  f l y b y  m i s s i o n s  has obv ious  drawbacks .  

T h i s  c a n  b e  remedied by  c a r r y i n g  a t w o -  

An a l t e r n a t i v e  i s  t o  c a r r y  two i d e n t i c a l  p r o p u l s i o n  
modules ,  one l aunched  by i t s e l f  and t h e  o t h e r  combined w i t h  
t h e  smaller  s p a c e c r a f t  package .  The l a t t e r  combina t ion  i s  t o o  
heavy t o  be l a u n c h e d  d i r e c t l y  i n t o  t h e  e l l i p t i c  r endezvous  o r b i t  
where t h e  o t h e r  p r o p u l s i o n  module and  s p a c e c r a f t  package w i l l  
b e ;  i t  i s  f i r s t  p l a c e d  i n  a n  i n t e r m e d i a t e  o r b i t .  The p r o p u l s i o n  
module i s  i g n i t e d  t o  t r a n s f e r  i t s e l f  w i t h  pa r t  o f  i t s  p r o p e l l a n t  
r e m a i n i n g  p l u s  t h e  small s p a c e c r a f t  package  t o  t h e  f i n a l  o r b i t .  
The r e m a i n i n g  p r o p e l l a n t  i n  t h i s  p r o p u l s i o n  module p l u s  t h e  
f u l l  c a p a c i t y  of t h e  o t h e r  i s  t h e n  a v a i l a b l e  for t h e  e a r t h  
d e p a r t u r e  i n j e c t i o n  b u r n .  

More c o m p l i c a t e d  docking  and  i n j e c t i o n  o p e r a t i o n s  are  
i n h e r e n t  i n  t h i s  mode. One p o s s i b l e  sequence  i s  t o  dock t h e  two 
s p a c e c r a f t  p i e c e s  t o g e t h e r , w i t h  t h e  p r o p u l s i o n  modules a t  o p p o s i t e  
e n d s  ( and  p o i n t i n g  i n  o p p o s i t e  d i r e c t i o n s ) .  The p a r t i a l l y  
d e p l e t e d  one i s  f i r e d  f i r s t  d u r i n g  t h e  i n j e c t i o n  maneuver and t h e n  
j e t t i s o n e d .  The whole s p a c e c r a f t  must t h e n  be  t u r n e d  180° b e f o r e  
t h e  f u l l  p r o p u l s i o n  module i s  i g n i t e d .  

The sequence  o f  e v e n t s  i n  t h i s  mode i s  i l l u s t r a t e d  i n  
F i g u r e  4 .  
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The Mode I1 i s  a p p l i c a b l e  o f  c o u r s e  o n l y  i f  t h e  p r o -  
p u l s i o n  module w e i g h t  i s  l e s s  t h a n  t h e  t o t a l  s p a c e c r a f t  w e i g h t .  
O t h e r w i s e ,  i t  s imply  r e d u c e s  t o  Mode 1. 

T h i s  mode s i g n i f i c a n t l y  i n c r e a s e s  t h e  i n j e c t i o n  pe r fo rmance  
o f  t h e  1 1 0 , 0 0 0  l b .  s t a g e  as compared w i t h  t h e  b a s e l i n e  mode; 
e . g . ,  f o r  a Mars t w i l i g h t  f l y b y  t h e  p a y l o a d  i s  i n c r e a s e d  a b o u t  
4 0 , 0 0 0  l b s .  as shown i n  F i g u r e  5 .  
l b .  s t a g e  i s  c o m p e t i t i v e  w i t h  l a r g e r  s t a g e s  u s i n g  Mode 1. However, 
t h e  pe r fo rmance  o f  l a r g e r  s t a g e s  can  a l s o  be  s i g n i f i c a n t l y  improved 
w i t h  Mode I1 rendezvous  when gross s p a c e c r a f t  we igh t  exceeds  
p r o p u l s i o n  module w e i g h t .  F i g u r e  5 i n c l u d e s  p a y l o a d - v e l o c i t y  
c u r v e s  r o r  s e v e r a l  diTi'ei7ent p rop i l l s io r ,  m c d u l e  weights (W \ PM ' 
u s i n g  Mode I1 whenever WL > WpM t o  a v o i d  t h e  pe r fo rmance  d r o p o f f  
w i t h  Mode 1 ( F i g u r e  3 ) .  
2 0 0 , 0 0 0  l b s .  now seems t o  b e  near optimum o v e r  t h e  e n t i r e  r a n g e  
o f  i n j e c t i o n  v e l o c i t i e s  regardless  o f  s p a c e c r a f t  weight .  The 
i n j e c t i o n  pay load  i s  1 0 , 0 0 0  - 2 0 , 0 0 0  l b s .  g r e a t e r  t h a n  w i t h  
1 1 0 , 0 0 0  l b .  modules p l u s  Mode 11, and i s  anywhere from 4 0 , 0 0 0  
t o  70,000 l b s .  g r e a t e r  than t h e  b a s e l i n e  mode. Note t h a t  
s c a l i n g  e f f e c t s  o f  t h e  s t a g e  s i z e  have  n o t  been  i n c l u d e d  i n  t h i s  
a n a l y s i s ;  i . e . ,  it i s  t o  b e  expec ted  t h a t  t h e  p r o p e l l a n t  f r a c t i o n ,  
A ,  w i l l  b e  somewhat be t t e r  f o r  l a r g e r  s t a g e s ,  whereas a f i x e d  X 
of  0.9 was assumed f o r  a l l  s t a g e s .  

Thus,  w i t h  Mode I1 t h e  1 1 0 , 0 0 0  

P. p r o p u l s i o n  module g r o s s  we igh t  o f  a b o u t  

CONCLUSIONS 

The f o l l o w i n g  are deduced from t h e  r e s u l t s  g i v e n  above ,  
f o r  t h r e e - l a u n c h  m i s s i o n s  and a s suming  a new c r y o g e n i c  s t a g e  w i t h  
I = 460 s e c .  and A = 0 . 9 :  

SP 
1. 

2. 

3. 

Maximum per formance  i s  a t t a i n e d  w i t h  t h r e e - s t a g e  
l a u n c h  v e h i c l e s  p l u s  i n j e c t i o n  s t a g e s  o f  a b o u t  
2 0 0 , 0 0 0  l b s .  g r o s s  w e i g h t ,  u s i n g  t h e  Mode I1 
rendezvous  p r e v i o u s l y  d e s c r i b e d  i f  s p a c e c r a f t  
we igh t  i s  g r e a t e r  t h a n  2 0 0 , 0 0 0  l b s .  

Comparable a l t h o u g h  s l i g h t l y  lower pe r fo rmance  c a n  
b e  a t t a i n e d  w i t h  two-s tage  S a t u r n  V ' s  and a l a r g e r  
i n j e c t i o n  s t a g e - - e s s e n t i a l l y  a n  S-IVB r e p l a c e m e n t .  
The pay load  decrement  f o r  a g i v e n  v e l o c i t y  i s  
g e n e r a l l y  a round 1 0 , 0 0 0  - 1 5 , 0 0 0  l b s .  s t i l l  u s i n g  
e l l i p t i c  o r b i t  r endezvous .  

If two-s tage  S a t u r n  V ' s  p l u s  t h e  l a r g e  i n j e c t i o n  
stage a re  u s e d ,  c i r c u l a r  ra ther  t h a n  e l l i p t i c  o r b i t  
r endezvous  c a n  be u t i l i z e d  w i t h  a r e l a t i v e l y  small  
a d d i t i o n a l  pay load  degrada t ion - -abou t  1 0 , 0 0 0  l b s .  
o r  l e s s  f o r  f l y b y  m i s s i o n s .  
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4 .  I f  f o r  o t h e r  r e a s o n s  small i n j e c t i o n  s t a g e s  ( o n  
t h e  o r d e r  o f  1 1 0 , 0 0 0  l b s .  g r o s s  w e i g h t )  a r e  p r e f e r r e d ,  
f l y b y  m i s s i o n  payload  c a n  be i n c r e a s e d  abou t  4 0 , 0 0 0  
l b s .  by u s i n g  Mode I1 rendezvous ,  as  compared t o  t h e  
b a s e l i n e  mode of one 1 1 0 , 0 0 0  l b .  i n j e c t i o n  stage 
l a u n c h  and two s p a c e c r a f t  l a u n c h e s .  I n  t h i s  way t h e  
small s t a g e  can  b e  made c o m p e t i t i v e  w i t h ,  a l t h o u g h  
s t i l l  1 0 , 0 0 0  - 2 0 , 0 0 0  l b s .  below, t h e  i n j e c t e d  pay load  
c a p a b i l i t y  of l a r g e r  s t ages . \  

A t t achmen t s :  
R e f e r e n c e s  1 and 2 
F i g u r e s  1-5 
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